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merge survey data on health and health behaviors with register data on person and firm 
characteristics. We track the health of displaced and non-displaced workers from 5 years 
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the health of both men and women.  Importantly, much of this effect is driven by an increase 
in smoking behavior.  These results are robust to a variety of specification checks. 
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Job reallocation is considered to be a key characteristic of well-functioning labor markets, as 
more productive firms grow and less productive ones contract or close.  However, despite its 
potential benefits for the economy, there are significant costs that are borne by displaced 
workers.  While a large literature focuses on income losses from displacement, much less is 
known about the health impacts of these types of job loss. This issue is particularly salient 
given the large increases in unemployment that have occurred over the last few years during 
the economic downturns. 
There are several mechanisms through which job displacement may affect health. Job 
displacement increases stress, which is known to have negative effects on cardiovascular 
health. However, there is little evidence on the link between specific causes of stress, such as 
changes in employment status or earnings losses, and cardiovascular health. 1  Changes in 
income induced by displacement could also affect consumption patterns, which could have 
either a positive or negative effect on health.  For example, a person may respond to the 
reduction in income by reducing consumption of cigarettes and alcohol or, in contrast, by 
reducing consumption of fresh fruit and vegetables.  Finally, changes in employment status 
that accompany displacement may affect time spent on exercise and, in this way, impact 
health. 
In this paper, we examine how job displacement in Norway affects cardiovascular 
health directly using a sample of men and women who are predominantly in their early 
forties.  Our unique dataset merges registry data on the population of Norway with newly 
available representative survey data on health and health behaviors. Using plant identifiers, 
we determine which employees lose their jobs due to plant closings or mass layoffs and track 
the health of displaced and non-displaced workers from 5 years before to 7 years after 
                                                          
1 See Bosma, Siegrist and Marmot (1998) and Kirvimaki et al. (2002) for evidence.   
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displacement.  We focus on the effect of displacement on heart-related variables (cholesterol, 
blood pressure, smoking, body mass index) as well as on two indices that measure the risk of 
heart disease.  Our focus on heart-related variables relates both to the data available to us but 
also to the importance of heart-related conditions -- cardiovascular disease (CVD) is a 
growing problem throughout the world; in the United States alone, more people die from 
CVD than from cancer, and heart disease is a major risk for people aged 40 and above.  
Our work has a number of advantages over existing work.  We observe the population 
of Norway, so we are able to follow a large number of displaced workers including those 
leaving the labor force.  In addition, our health survey data contains diagnostic tests, 
including blood pressure and cholesterol, along with information about specific health-related 
behaviors such as smoking. 
We find that job displacement has a negative effect on health of displaced workers.  
Importantly, it appears that much of this effect is driven by increases in smoking behavior for 
both men and women.  Interestingly, there is no equivalent health effect on the spouses of 
these workers.  However, we do find some negative health effects on workers in downsizing 
firms even if they themselves are not displaced. These results are robust to a variety of 
control groups and specification tests. 
The paper unfolds as follows.  Section 2 presents the literature review, Section 3 
describes the institutional features of Norway during this time period, and Section 4 discusses 
our empirical strategy.  Section 5 describes the data and Section 6 presents results and a 
variety of robustness and specification checks.  Section 7 concludes. 
 
2. Related Literature  
There is a large literature on the effects of job displacement on earnings. While the 
consensus is that earnings decline significantly post-displacement, the magnitude varies 
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considerably across countries.  Researchers have found huge earnings losses for displaced 
workers in one state in the U.S. in the 1980s, up to 25% soon after displacement (Jacobson, 
LaLonde, Sullivan, 1993), and these results have been confirmed more recently by 
representative data for the US (Hildreth, von Wachter, and Weber Handwerker, 2012). 
Earnings losses in Europe have generally been found to be much smaller (from 1-15 percent) 
but there are often large effects on time out of employment. (See for instance Eliason and 
Storrie, 2004; Burda and Mertens, 2001; Carneiro and Portugal, 2006; von Wachter and 
Bender, 2006). In Norway, previous research has found earnings losses from job 
displacement of only about 5% (Huttunen, Møen, Salvanes, 2011).2 
There are also a number of papers on the relationship between general labor market 
conditions and health. For example, Ruhm (2000, 2005) shows that recessions are generally 
good for health; economic downturns reduce mortality and economic expansions are 
associated with negative health effects, despite the protective effect of income.  Recent work 
by Asgeirsdottir et al. (2012) uses data from the 2008 economic crisis in Iceland to examine 
the effect of a macroeconomic shock on health and health behaviors.  Overall, their 
conclusions were ambiguous; they find that the economic crisis was associated with 
reductions in harmful behaviors such as smoking and heavy drinking.  This was combined 
with a reduction in the consumption of fruits and vegetables and an increase in the 
consumption of fish oil and improved sleep behavior.  While these papers examine the 
overall health consequences of macroeconomic shocks, we focus on the effects of a specific 
economic shock to an individual, controlling for general macroeconomic conditions. 
                                                          
2 There is also a relatively small but growing literature on the effect of job displacement on other outcomes.  
Rege et al (2009) show that job displacement is associated with increased criminal behavior. Page, Oreopoulos 
and Stevens (2008) find that children of fathers who were displaced earned 9% less than children of fathers who 
did not experience a job displacement. Rege, Telle, and Votruba (2011) use data from Norway and find that 
father’s displacement has a negative effect on children’s academic performance, while mother’s displacement 




There is a much smaller literature focusing on the relationship between job displacement 
and health outcomes.  At the extreme, recent studies have examined how job displacement 
affects mortality rates. Sullivan and von Wachter (2009) find higher mortality rates for 
displaced workers in the U.S. in the 1980s (50-100% higher soon after displacement), with 
evidence suggesting that these effects are due to the associated decline in income.  Equivalent 
increases in displacement have been found to lead to smaller increases in mortality in Sweden 
and in Denmark (Eliason and Storrie, 2009b; Browning and Heinesen, 2012).  Eliason and 
Storrie (2009a) use Swedish register data and find that mortality risk among men increased 
substantially during the first four years (44%) following job loss, with no effect on female 
mortality.  Browning and Heinesen (2012) use population data from Denmark and also show 
that mortality increases significantly post-displacement. 
 However, mortality is a crude indicator of health status; other studies have attempted 
to look directly at job displacement and health.  Unfortunately, these studies have been 
limited by either small datasets or indirect measures of health status.  In the United States, 
there are several studies of older workers using the Health and Retirement Survey (HRS).  
Salm (2009) shows that health reasons are common causes of job termination; however, in 
the case of exogenous job termination, he finds no evidence of effects on various measures of 
physical and mental health.  Because they are using the HRS, the study is limited to older 
workers and, in the case of exogenous job loss, also faces relatively small sample sizes.  
Strully (2009) examines the issue using health data from the Panel Study of Income 
Dynamics (PSID) and finds negative effects of displacement for blue-collar workers but no 
effects for white-collar workers; again, however, the authors are limited by small sample 
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sizes.  The general finding in these papers is that displacement is bad for health, but because 
they observe relatively few displaced workers, they are hampered by low precision.3  
 In contrast, recent European studies have used registry data with large numbers of 
observations but have been limited by the absence of direct health measures.  As a result, they 
are forced to use more indirect measures of health status.  Browning et al. (2006) use a 10% 
sample of Danish register data to study stress-related hospitalizations and find no evidence of 
an adverse effect of displacement. In more recent work, Browning and Heinesen (2012) use 
data from the Danish population and find that displacement increases certain types of later 
hospitalizations in Denmark.  Rege et al. (2009b) use Norwegian register data to study the 
effect of displacement on disability pension utilization and find displaced workers were 24% 
more likely to have such a pension.  
One notable exception is a recent paper by Bergemann, Gronqvist, and 
Gudbjornsdottir (2011), which uses Swedish data to examine the effect of job displacement 
on diabetes; they find that incidence of diabetes increases after displacement for single men 
and for women with small children.  Our paper has the advantage of the large sample sizes of 
registry data combined with actual measures of health and health behaviors such as 
cholesterol, blood pressure, and smoking. 
 
3. Institutional Background 
Employment Protection 
Norway is considered to have a relatively high degree of employment protection 
combined with generous unemployment benefits.  When layoffs occur due to a downsizing, 
there is no legal rule dictating which workers should be laid off.  Seniority is a strong norm 
                                                          
3 Marcus (2012) uses German SOEP data to examine the relationship between job loss and health measures; 
unfortunately, he is also limited by small sample sizes.  Bockerman and Ilmakunnas (2009) use data from 
Finland and show that unemployment does not lead to lower self-assessed health, although there is evidence of 
selection of unemployment based on health status. 
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and is institutionalized in agreements, but only where “all else is equal” is the firm supposed 
to layoff a less senior worker rather than a more senior one.  There is one important 
exception: there are stringent restrictions that limit the capacity of firms to dismiss sick 
workers.  
Most employment contracts require 3 months notice of termination. There is no 
generalized legal requirement for severance pay; however, workers may be induced to leave 
voluntarily through severance pay and job search assistance. 
Unemployment Insurance 
Unemployment benefits are quite generous in Norway.  The benefit is 62.4% of the 
previous year’s pay, or 62.4% of the average over the last 3 years, and may be received for up 
to 3 years. After this period, if still unemployed, a worker may be eligible for means-tested 
social support. Unemployment benefits are included in our earnings measure, while social 
support is not. About 78% of displaced men in our sample are re-employed one year after 
displacement. 
Disability Pension 
Disability benefits are also quite generous in Norway.  To receive a disability pension, 
a person must be a resident in Norway for at least 3 years prior to disability.  In order to 
qualify, it must be the case that “earnings capacity” is permanently reduced by at least 50% 
because of illness, injury, or defect.  Applicants require a doctor’s evaluation of health and 
loss of earnings capacity.  The pension equals some basic amount plus a function of previous 
earnings.  For low-income groups, the replacement rate is high and can be over one and, for 
most people, it is over 0.5. As we will see later, disability pensions are not particularly 
important for our sample.4 
                                                          
4 Rege et al. (2009) show that, in Norway, displaced workers are more likely to use disability pensions than 
other workers. However, this effect should be more relevant to older workers. 
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 Overall, the generous social benefits in Norway are likely to help mitigate the 
negative effects of displacement.  As such, the estimated effects will likely underestimate 
what the negative health effects of worker displacement would be in a less protective 
environment. 
 
4. Empirical Strategy 
Our empirical strategy is a differences-in-differences approach that is motivated by 
the data available to us.  While our employment and earnings data are longitudinal, our health 
data are cross-sectional in that we only have one observation per person.5  Therefore, we 
cannot compare changes over time in health of individual displaced workers to changes over 
the same period for the non-displaced. Instead, we compare changes in the conditional mean 
of health for the displaced and non-displaced groups with the non-displaced operating as a 
control group for the displaced. 
 
A. Defining Treatment and Control Groups 
The approach in this paper is to compare the post-displacement outcomes of displaced 
workers to those of other workers who are not displaced. To operationalize this we need the 
concept of a base year. One can think of the base year as the year in which the displacement 
event did or did not occur. We follow people for 13 years in total – from 5 years before the 
base year to 7 years after the base year.  So for a given year in our sample, the treatment 
group is those who were displaced in that year and the control group is those who were not 
displaced in that year. 
Complications arise because people can be displaced more than once in this 13-year 
period and so, for example, their outcome in 1990 could be two years after a displacement in 
                                                          




1988 and two years before a subsequent displacement in 1992. To keep things tractable, we 
(1) only consider the first displacement in the 13 year period for any individual and (2) 
exclude persons from the control group (the non-displaced) if they experience any 
displacement in the 13-year period. This implies that we compare post-base year outcomes 
for persons displaced at the base year but who experienced no prior displacement (in the 13-
year period) to persons who are not displaced in the same year and who experience no 
displacement over the 13-year period. 6  
Because we consider displacements that occur in several different years, in the 
analysis we redefine each base year as year 0, with the year before displacement being year -
1 and the year after being year 1 etc. This enables us to run pooled regressions using all years. 
In doing so, we always control for the year the displacement (or non-displacement) occurred. 
We identify displaced workers using register files from 1986 to 1999. These files 
include information on all Norwegian residents aged 16-74 in the relevant year. Importantly 
for us, the files include both a person identifier and a plant identifier so we can identify 
instances in which a person is working in a particular plant in a particular year but is no 
longer with that plant the following year. Furthermore, we can identify plant closures from 
situations in which a plant identifier disappears from the data and measure employment 
changes at plants by simply counting how many workers are in each plant in each year. We 
follow the previous literature by defining displaced workers as workers who separate from a 
plant that closes down or reduces employment by 30% or more in the year that the separation 
takes place.  (See Jacobsen, Lalonde, and Sullivan, 1993). In addition, we treat workers who 
leave a plant one year before that plant closes down (“early leavers”) as being displaced as 
they are likely leaving because they are aware of the impending closure.  
                                                          
6 Note that, because of these restrictions, an individual who experiences displacement will appear in only one 
base year while those in the control group could appear for multiple base years.  
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The data match workers and plants on May 31st from 1986 until 1995 and on 
November 20th from 1996 onwards. For displaced workers, year 0 is defined so that they are 
employed in May (November from 1996) in a certain firm in year 0 but no longer employed 
in that firm in May (November from 1996) of year 1 (and the period 0 firm has closed down 
or downsized). This implies that there is uncertainty about the exact timing of displacement.7  
Because of this, we consider years before the base year as being pre-displacement, years 0 
and 1 as enveloping the displacement event, and years 2 to 7 as being post-displacement. 
We restrict our sample to individuals with job tenure of at least one year who are 
working full time (defined as working 30+ hours per week) when last seen at the plant before 
the displacement event. Additionally, they must have positive earnings for the base year and 
have had positive earnings in at least one of the previous 5 years (so we can calculate average 
prior earnings). We exclude plants with fewer than 10 employees in the base year as it is 
difficult to identify downsizings in very small firms. We use base years that run from 1986 to 
1998.8 
 
B. Year-by-Year Regressions 
To provide some initial evidence, we regress health in each time period on a dummy 
variable for whether the person was displaced at time 0. That is, there are 13 separate 
regressions going from t = -5 to t = 7. In each period the regression for health is as follows: 
𝐻𝑖𝑡 = 𝛽0 + 𝛽1𝐷𝑖0 + 𝑋𝑖′𝛿 + 𝜖 
Here 𝐷𝑖0 is an indicator for whether person i was displaced at time 0, and 𝑋𝑖 is a vector of 
other control variables. Note there is no t subscript on 𝑋𝑖 because the control variables are 
                                                          
7 Base year 1987 – 1994: Displacement occurred between May of base year and May of the following year. 
Base year 1995: Displacement occurred between May of base year and November of the following year. 
Base year 1996 – 1998: Displacement occurred between November of base year and November of the following 
year. 
8 Although we only have plant information starting in 1986, we have worker income information further back, 
enabling us to use workers who are displaced starting in 1986. 
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time invariant.  As described in more detail in the next section, our control variables include 
base year dummies, survey dummies, survey month dummies, age at health measurement, a 
dummy for whether the person is married in the base year, years of education at the base 
year, birth order dummies, dummies for number of siblings, a dummy variable for whether 
the person was born in Norway, month of birth dummies, plant size in the base year (number 
of employees), a quadratic in tenure in the base year, the average of the log real earnings 
from t = -5 to t = -1, dummies for county of residence in the base year, 1-digit industry 
dummies for the base year industry and, for men, IQ test score at age 18, height at age 18, 
and a quadratic in BMI at age 18. 
Conditional on the controls, the estimate of 𝛽1 gives the difference in average health 
in each time period between persons displaced at 0 and those not displaced at 0.  If 
displacement is a random event, we would anticipate seeing no health differences between 
the treatment and control groups in the five years leading up to displacement.  However, 
displacement is not completely random and anticipation of displacement may lead to some 
effects appearing even before the displacement actually occurs. To place the health effects in 
a labor market context, we also show similar regressions where the dependent variables are 
the log of real earnings and a dummy variable for whether the person is employed.  
 
C. Difference-in-Differences 
While the year-by-year regressions are informative, they demand a lot from the data. 
In our further analysis, we increase precision by grouping years together into 4 groups. The 
groups are periods -5 to -1 (G1), periods 0 and 1 (G2), periods 2 to 4 (G3), periods 5 to 7 
(G4). The first group represents the pre-displacement time period, the second group the 
“during displacement” time period, and the third group is the immediate post-displacement 
time period. Finally, group four represents the longer-run post-displacement time period. 
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While these groupings are inevitably arbitrary, we consider them to be sensible a priori and 
we have also verified that there are no significant differences in the displacement effect 
across time periods within a group. 
We estimate the following regression: 
𝐻𝑖𝑡 = 𝛽0 + 𝛽1𝐷𝑖0 + � 𝜇𝑡6
𝑡=−5
𝐼𝑖𝑡 + � 𝜑𝑔𝐷𝑖0 ∗4
𝑔=2
𝑔𝑖𝑔 + 𝑋𝑖𝑡′𝛿 + 𝜖 
Here 𝐷𝑖0 is an indicator for whether person i was displaced at time 0, 𝐼𝑖𝑡 is an indicator for 
whether the health report for individual i is at time t, 𝑔𝑖𝑔 is an indicator for whether the health 
report for individual i is in time group g, 𝑋𝑖𝑡 is a vector of other control variables, and 
𝛽0,𝛽1,𝜇𝑡,𝜑𝑔, and 𝛿 are parameter values. Conditional on the controls, the estimate of 𝛽1 
gives the pre-displacement difference in health between the displaced and non-displaced. The 
coefficients of most interest are the 3 𝜑𝑔 estimates as they give the during- and post-
displacement change in the differences in health between the treatment and control groups 
(that is, the difference in differences).  
 
5. Data 
Data are compiled from a number of different sources. Our primary data source is the 
Norwegian Registry Data, a linked administrative dataset that covers the population of 
Norwegians up to 2006 and is a collection of different administrative registers such as the 
education register, family register, and the tax and earnings register.  These data are 
maintained by Statistics Norway and provide information about educational attainment, labor 
market status, earnings, and a set of demographic variables (age, gender) as well as 
information on families.9  These data are merged to health survey data using personal 
identification numbers.   
                                                          
9 See Møen, Salvanes and Sørensen (2003) for a description of these data. 
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The health data come from two population-based surveys carried out between 1988 
and 2003 and covering all counties in Norway: the Cohort of Norway (CONOR) and the 
National Health Screening Service’s Age 40 Program.  Both surveys were conducted by the 
National Institute of Public Health, and for the most part, the same information was collected 
in both surveys.  Both consist of two components: the survey and the health examination.  
The survey part includes questions about specific diseases, general questions about health, 
medicine use, family disease history, physical activity, and smoking and drinking habits. The 
health examinations include blood pressure measurement, and blood tests for cholesterol and 
blood sugar. In addition height, weight, and waist and hip circumference were measured. 
Finally, there are also questions about education and working conditions. 
The main body of data comes from the Age 40 Program, which covers all counties in 
Norway except Oslo.  The Age 40 Program consists of men and women aged 40-42 who 
were surveyed sometime between 1988-1999.10 All 40-42 year olds were asked to participate 
and the response rate is between 55-80 percent, yielding 374,090 observations. For most 
counties several cohorts of 40-42 year olds were tested between 1988-1999, and in some 
cases a wider set of cohorts were tested.11  
To this, we add the smaller CONOR dataset.  The main advantage of the CONOR 
dataset is that it includes Oslo, which was omitted from the Age 40 data.  The smaller 
CONOR dataset has 56,863 respondents from a wider set of age groups. The response rate is 
similar to that of the Age 40 Program.12 
                                                          
10 The Age 40 Program data set is described http://www.fhi.no and studies such as Jacobsen, Stensvold, 
Fylkesnes, Kristianen and Thelle (1992), Nystad, Meyer, Nafstad, Tverdal and Engeleand (2004). 
11 Because our health data are collected between1988 and 1999, workers who were displaced in the earlier part 
of our sample are unlikely to have health data before displacement while workers displaced in the later part of 
our sample are unlikely to have post-displacement health observations.  This is due to the unbalanced nature of 
our sample.  We have also tried limited our sample to only base years where we observe both pre- and post- 
displacement health data and the results are consistent but less precisely estimated. 
12 The CONOR data set is described on the web page www.fhi.no/conor/index.html or in Søgaard (2006), and 
several studies have used parts or the total sample including Søgaard, Bjelland, Telle and Røysamb (2003). 
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For approximately 26% of observations, we have registry data but are missing health 
data for cases that were within the sample frames for the health surveys.  Not surprisingly, 
this nonresponse is not purely random but is correlated with individual characteristics. 
Among men, responders have slightly lower education (11.1 versus 11.5 years), are slightly 
more likely to be married (.79 versus .78), have slightly higher tenure (7.7 versus 7.6), have 
slightly lower wages at time -1 (7.46 versus 7.54), and are slightly less likely to be displaced 
at some point (.31 versus .33).  These numbers suggest that, although there are statistically 
significant differences, they are sufficiently small that they are unlikely to lead to large biases 
in estimation.13 
 
A. Health Outcomes 
Unfortunately, not all variables are available in all surveys so we concentrate on a set 
of health outcomes that are always present and are particularly related to heart health. Our 
main health variable is an indicator for coronary heart disease and stroke based on the 
Framingham risk model.14 This index includes current smoking behavior, blood pressure, 
cholesterol level, age and gender (See Anderson, Wilson, Odell and Kannel, 1991; Bjartveit, 
1986).15 The measure for blood pressure is systolic blood pressure, for cholesterol it is serum 
concentration in mmol/l, and for smoking is the number of cigarettes smoked daily.  In 
addition to this index, we also look at the separate effects of displacement on cholesterol, 
blood pressure, BMI, and whether an individual smokes.16 
 
B. Control Variables 
                                                          
13 Previous studies have found little indication of self-selection on observable family background variables in 
CONOR when compared to the whole population (Søgaard, Selmer, Bjertnes, Thelle, 2003). 
14 See the appendix for a description of the Framingham index and how exactly we calculate it. 
15 In 1988, it became illegal to smoke in public areas such as offices in factories in Norway.  In 1993, this was 
extended to include restaurants.  
16 We also examined the effect of displacement on the number of cigarettes smoked but found no evidence of 
any effect on the intensity of smoking behavior. 
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Since job displacement is not random, we control for a large set of variables in our 
regressions. We include controls for age at health measurement, survey dummies, and survey 
month dummies obtained from the health surveys. We also use variables that are created from 
other register files. These include a dummy for whether the person is married in the base 
year, years of education at the base year, birth order dummies, dummies for number of 
siblings, a dummy variable for whether the person was born in Norway, month of birth 
dummies, plant size in the base year (number of employees), dummies for county of 
residence in the base year, and 1-digit industry dummies for the base year industry. The 
register data include job start dates and we use these to calculate tenure of the worker at the 
plant. 
We also control for the average of the log real earnings from t = -5 to t = -1. Earnings are 
measured as total pension-qualifying earnings reported in the tax registry and are available on 
a calendar year basis. These are not top-coded and include labor earnings, taxable sick 
benefits, unemployment benefits, parental leave payments, and pensions. Earnings are 
available from 1967 onwards and so we are able to calculate average log earnings in the 5 
years preceding displacement i.e. for persons displaced in 1986, we calculate average log 
earnings between 1981 and 1985. In situations where earnings are missing or zero in any 
particular year, we simply take the average of earnings over those years in which the person 
had positive earnings. Earnings are deflated using the Consumer Price Index with base year 
1998. 
For men, we also control for IQ test score, height, and a quadratic function of body mass 
index (BMI). All are measured predominantly between the ages of 18 and 20. These variables 
are taken from the Norwegian military records from 1980 to 2005. In Norway, military 
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service is compulsory for every able young man; as a result, we have military data for men 
only.17  
The IQ measure is the mean score from three IQ tests -- arithmetic, word similarities, and 
figures (see Sundet et al. [2004, 2005] and Thrane [1977] for details). The arithmetic test is 
quite similar to the arithmetic test in the Wechsler Adult Intelligence Scale (WAIS) [Sundet 
et al. 2005; Cronbach 1964], the word test is similar to the vocabulary test in WAIS, and the 
figures test is similar to the Raven Progressive Matrix test [Cronbach 1964].  The IQ score is 
reported in stanine (Standard Nine) units, a method of standardizing raw scores into a nine 
point standard scale that has a discrete approximation to a normal distribution, a mean of 5, 
and a standard deviation of 2.18 We have IQ scores for approximately 90% of the relevant 
population of men in Norway. 
 
6. Empirical Results 
 
A. Differences between the Treatment and Control Group 
In Table 1 we report the time 0 differences between the characteristics of the control 
and treatment groups. We also report the p-value for the null hypothesis that the means are 
equal in the two groups. As is generally found in displacement studies, there are some 
systematic differences between the two groups. While age, family background variables 
(family size, birth order), and marital status are not significantly different for the two groups, 
displaced workers have lower education, lower job tenure, and have experienced more 
unemployment prior to displacement. Earnings prior to displacement are not significantly 
                                                          
17 Norway has mandatory military service of between 12 and 15 months (fifteen in the Navy and twelve in the 
Army and Air Force) for men between the ages of 18.5 (17 with parental consent) and 44 (55 in case of war). 
However, the actual draft time varies between six months and a year, with the rest being made up by short 
annual exercises. 
18 The correlation between this IQ measure and the WAIS IQ has been found to be .73 (Sundet et al., 2004). 
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different between the two groups for men but lagged earnings are lower for displaced women 
than for other women. 
 
B. Year-by-Year Regressions 
The estimates from the year-by-year regressions for health outcomes are in Table 2.  
Appendix Table 1 presents the equivalent estimates for log earnings and employment status, 
shown to provide some context.  Earnings losses for men are about 6% one year after 
displacement and then slowly fall to about 3% after seven years; while this earnings effect is 
small compared to previous estimates from the U.S., it is consistent with prior findings from 
Norway (Huttunen, Møen and Salvanes, 2011).  For women, the earnings effects are similar 
in magnitude but appear to persist much longer. The results for whether employed show that 
there are small differences in employment experiences even before displacement.  By 
construction, all sample members are employed in the year of displacement but the displaced 
are less likely to be employed a few years before that. However, the effects of displacement 
are obvious as, at t = 1, the effect of displacement on employment probability peaks at about 
18% for both men and women. This falls to about 11% for men (13% for women) in year 2 
and is smaller again in subsequent years. Once again, these effects are similar in magnitude to 
those reported by Huttunen, Møen and Salvanes (2011). 
The health estimates in Table 2 show that, conditional on the control variables, pre-
displacement health (health between t = -5 to t = -1) is not significantly different between the 
treatment and control group. This is true for cholesterol, blood pressure, smoking (whether 
smoke daily), and the Framingham index. Also, it is true for both men and women.  
For men, there is little evidence that displacement has any effect on cholesterol and 
blood pressure, as the effects are small and statistically insignificant in almost all post-
displacement periods. There is some evidence that displacement leads to higher cholesterol 
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for women. The standard deviation of the cholesterol measure is about 1 for women in our 
sample, so the estimates indicate that displacement may increase cholesterol by about one 
twentieth of a standard deviation. This is a small effect that appears soon after displacement 
and seems to persist until t=4. There is no evidence of any adverse effect of displacement on 
blood pressure for women; indeed, we find a negative effect on blood pressure 7 years after 
displacement. 
Despite the absence of obvious effects of displacement on health, there are clear 
effects on the proportion that smoke daily.  Among men, the proportion of the treatment 
group smoking daily increases relative to the control group during the displacement period (t 
= 0 and t = 1) and the differences remain for the full period after displacement. It appears that 
displacement may lead to a permanent increase in daily smoking probability of about .02 for 
men.19 This translates into an increase in the Framingham index after displacement. The 
results for women suggest a similar increase in daily smoking probability due to 
displacement. However, there is no evidence that the effects persist for longer than 4 years. 
As with men, the effects of displacement on the Framingham index are dominated by 
smoking, and the estimates for this index display the same temporal pattern as do the 
smoking estimates. The magnitudes of the Framingham index estimates (.1 to .2) suggests a 
small effect as the standard deviation is about 5. 
 
C. Difference-in-Differences Estimates 
Table 3 contains the means of each of the four health outcome variables by 
displacement status both before and after displacement. For women, we see that cholesterol is 
the same on average for both groups pre-displacement but then it rises slightly for the 
displaced but not for the non-displaced. Displaced women were slightly more likely to smoke 
                                                          
19 The smoking estimates come from linear probability model. We have verified that the marginal effects and 
associated standard errors from a probit model are almost identical. 
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pre-displacement; then smoking probability falls for the non-displaced but increases for the 
displaced. This table is suggestive; however, since these are just raw means, the numbers 
could be influenced by compositional shifts. 
The regression-based difference-in-differences estimates are in Table 4.  In addition to 
the four health variables considered earlier, we add estimates here for sickness benefit, 
disability benefit, body mass index, and an alternative heart risk index (the Westerlund risk of 
cardiovascular disease) that is a relative rather than an absolute index (see the appendix for 
details).  The estimates are consistent with the year-by-year regression results: among men, 
there is very little evidence of a negative effect of displacement on any of the health measures 
other than smoking, and as before, the smoking effect persists over time.  Among women, we 
also find an effect on smoking.  In addition, there is evidence that displacement leads to 
higher cholesterol; there is little evidence of any effect on any of the other indicators.20 
 
Robustness Checks 
 We next report the findings from a variety of different robustness checks. For brevity, 
we only report estimates for the Framingham index as the dependent variable.  However, 
results using other outcomes were also robust to these checks.  
 
Effect by Type of Displacement Event 
 While a job displacement is a very specific event, we next look at whether the 
underlying cause of the displacement affects the magnitude of our findings, as it is quite 
                                                          
20 Appendix Table 2 lists the coefficient estimates for the control variables for the regression in which the 
Framingham index is the dependent variable (Table 4). One interesting coefficient is that on pre-displacement 
earnings. Ignoring the endogeneity of earnings, the coefficient of -.135 for men implies that a 10% increase in 
average earnings reduces heart risk by just over 0.001 of a point. Displacement reduced earnings of men by 
about 6% in time periods 2 – 4 and this would then imply an earnings effect on heart risk that is quite tiny. The 
coefficient on earnings in the female regression is small and statistically insignificant. If the OLS effect of 
earnings is reasonable, it suggests that earnings losses are not an important channel in the decrease in health 




likely that the exact nature of a displacement event matters for health. These estimates are in 
Table 5. One distinction we make is between those individuals who lose jobs due to a 
downsizing and those who lose jobs because their plant closes. When we split the sample into 
these two groups, it is clearly the case that the negative effects of a plant closure dominate 
that of a downsizing with the differences being particularly large for women. 
 Some workers are displaced but transfer to another plant in the same firm (there are 
4191 of these cases for men, 1320 for women). One might expect that these workers have a 
much less stressful experience than other displaced workers so we report estimates in Table 5 
where they are omitted from the sample.  As expected, the effects of displacement are larger 
here than in Table 3 for both men and women and now are statistically significant for men in 
each of the 3 post-displacement periods. 
 Finally, to select a group that may be particularly adversely affected, we restrict the 
treatment group to persons whose plant closed and who did not move to another plant in the 
same firm (keeping the control group the same). The estimates are in the last row of Table 5. 
We now see strong evidence of health impacts for both men and women and they appear to 
persist for years after displacement. The magnitudes here are also significant at about a third 
of a standard deviation for men and close to a full standard deviation effect for women. 
 
Alternative Control Groups 
Our baseline control group includes all individuals who are not displaced over the 
benchmark 13-year period. As such, it includes individuals who are in firms that are 
downsized but who are not themselves displaced. It is reasonable to believe, however, that 
being in a plant that experienced a large downsizing may increase workloads and stress levels 
for those who remain, thus having negative impacts on measured health. Therefore, we report 
estimates where this group is excluded from the analysis (Control Group 2).  
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Those who are separated from their jobs but not a part of a mass displacement are also 
included in the baseline control groups.  One might be concerned that these individuals are 
very different from those who are displaced and, as such, not appropriate for the control 
group.  As a robustness check, we also report estimates in which these people are omitted 
from the sample (Control Group 3).21  
The results with these alternative control groups are presented in Appendix Table 3. 
Importantly, the estimates change very little when stayers from downsizing firms are 
excluded from the control group (Control Group 2) but the displacement effects increase 
when non-displaced separators are excluded from the control group. Overall, the estimates 
appear quite robust to the choice of control group. 
 
Using the Propensity Score 
As is typically the case in displacement studies, we saw that there are systematic 
differences between some characteristics of the treatment and control groups (Table 1). An 
alternative to the regression approach is to use propensity score matching. We implement two 
variants of this in conjunction with the regression analysis.22 First, we use the estimated 
propensity score to reweight observations so that the weighted probability of displacement is 
the same in both the treatment and control groups. We then report regression estimates using 
these weights. Second, as suggested by Angrist and Pischke (2009), we use the estimated 
propensity score as a pre-screen in the regression analysis. Intuitively, we exclude 
observations with outlier values of the propensity score and check the robustness of our 
regression estimates to this exclusion. Note that a limitation of the propensity score approach 
is that we do not know pre-displacement health for persons whose health is measured post-
displacement. Therefore, we cannot use health information in forming the propensity score. 
                                                          
21 While separators are excluded, Control Group 3 includes persons from downsizing firms who are not 
displaced. 
22 We revert to our original treatment and control groups for the propensity score analysis. 
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Because displacement is a fairly random event, even our rich set of control variables 
have little explanatory power for whether a person is displaced at base year. For men, the 
pseudo R2 from a logit regression is only 0.03.23 Education has a statistically significant but 
small negative effect in that an extra year of education reduces the probability of 
displacement by 0.002. Being a native Norwegian reduces the probability of displacement by 
0.02, and an extra centimeter of height at age 18 reduces the probability of displacement by a 
statistically significant but tiny .0006. Surprisingly, there is a small positive relationship 
between cognitive test scores at age 18 and displacement.  Displacements are more likely in 
bigger plants and there is the expected quadratic relationship between tenure and 
displacement probability. There is no evidence of any relationship between BMI, lagged 
average earnings, 1-digit industry, month of birth, family size, birth order, marital status, or 
age on displacement probability for men. The results for women are generally similar. 
Panel 3 of Appendix Table 2 shows regression estimates where observations have 
been weighted using the estimated propensity score. Panels 4 and 5 show unweighted 
estimates where the propensity score has been used to pre-screen observations; observations 
with extreme values of the score have been omitted from the regression.24  Both of these 
methods give estimates that are similar to the baseline difference-in-differences estimates 
from Table 4. 
 
D. Heterogeneous Effects 
It is possible that income, age, or marital status may mitigate the effects of job 
displacement in terms of health.  In Appendix Table 4, we report estimates from 
specifications that allow for heterogeneous effects by tenure, education, firm size, and marital 
                                                          
23 This logit regression included the same set of controls that we use in the main analysis. 
24 One pre-screen omits observations where the propensity score is outside the (.02 - .15) range; the other 
restricts the range to (.03 - .10). The latter reduces the sample size by over a fifth. 
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status. Interestingly, there is no strong evidence for differences by group; while some of the 
point estimates differ, the differences are small relative to the standard errors.25   
As another check, we have tested whether the size of the health effects of 
displacement vary with the county unemployment rate. One might expect that people 
displaced when unemployment is very high will suffer more as a result. However, we have 
found no evidence for this. When we restrict the sample to base years and counties where the 
unemployment rate is at least 4% (less than 1/3 of the sample) we find quite similar estimates 
to those from the full sample. This may be because unemployment rates are generally low 
over this period, with the average unemployment rate being about 3%. 
 
 
E. Intent-to-treat Estimates 
One concern with the previous estimates is that, when a plant is downsizing, it may 
systematically choose to lay off the least healthy employees, as they are also likely to be less 
productive.26  Additionally, firms sometimes seek voluntary layoffs when downsizing and 
persons who volunteer to be displaced may be less healthy. The similarity of health before the 
base year of displaced and non-displaced workers suggests that this is not a big issue but does 
not rule it out altogether.  
We follow the previous literature in addressing this point by including non-displaced 
employees from downsizing firms in the treatment group (Sullivan and von Wachter, 2009). 
In effect, this defines the treatment at the firm level. Note that, in addition to the possible 
selection issue described above, it is possible that our estimates change because displacement 
has a negative (or positive) effect on stayers in downsizing firms. A negative effect could 
arise if the employment reduction increased the workload and stress of remaining employees, 
                                                          
25 We also allowed for heterogeneous effects by the baseline employment status of the spouse and find no 
evidence of differential effects. 
26 This would be despite the fact that it is illegal to lay off workers based on their health status. 
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a positive effect could arise if the displacement reduced uncertainty and made remaining 
workers confident that the firm would now be viable and their jobs remain safe. Sullivan and 
von Wachter (2009) refer to estimates using the firm-level definition of displacement as 
“intent-to-treat” estimates. 
The “intent-to-treat” estimates are in Table 6. If non-displaced workers are unaffected 
by downsizings, we would expect estimates to be a bit smaller than earlier as the treatment 
group now contains both affected and unaffected people. However, in general, the estimates 
are quite similar to the estimates where only displaced workers are included in the treatment 
group, suggesting that workers in affected firms may also bear the cost of the firm 
downsizing, even if they themselves are not displaced. We have looked at this question 
directly by comparing the outcomes of non-displaced persons in downsizing firms to those 
who are not displaced and are not in downsizing firms. Interestingly, we find that there is an 
increase in smoking probability of about .05 at the time of downsizing but the effect 
disappears after t=1. There are indications that the health of persons in downsizing firms 
actually improves in the longer term as cholesterol and the heart risk index actually fall after 
t=1. These estimates are consistent with the immediate effects of a displacement event being 
stressful for all employees but the longer term health effects on the “survivors” being 




 Finally, we have also examined whether displacement has any effect on the health of 
spouses. Perhaps unsurprisingly given the small health effects on the individual who is 
25 
 
directly affected, we have found no evidence that the health of spouses is affected in the 
short-run.27  This is true when either the male or the female is the displaced worker. 
   
7. Conclusion 
Firm expansion and contraction are key elements to a well-functioning economy.  
However, the process is not costless.  Much of the recent research has focused on the 
financial costs that are faced by workers, demonstrating the significant and potentially long-
lasting effects of job displacement.  However, much less is known about the health effects of 
these types of labor market shocks. 
Using rich, detailed health data from Norway matched to administrative register data, 
we show that job displacement has a significant effect on cardiovascular health around age 
40.  Importantly, this is almost entirely explained by changes in individual health behaviors; 
smoking increasing significantly for both men and women immediately after displacement.  
Interestingly, there is no equivalent short-run health effect on the spouses of these workers. 
In general the effects we find are quite small; however, as one might expect, the 
health consequences of displacement are larger for those hardest hit--the subset of workers 
whoso plants close and whose next job is not in another plant in the same firm.  Among these 
workers, we find substantial negative health effects for both men and women.  In addition, 
individuals from firms who downsize but who are not themselves laid off also experience a 
negative health shock; however, this shock appears short-lived and there is some evidence 
that they may actually have better health in the longer run. 
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Number of Observations 1047 15773  
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Table 2A: Effect of Displacement on Outcomes (Men) 









































































































































































All coefficients come from separate regressions with the full set of control variables. The control variables 
include base year dummies, survey dummies, survey month dummies, age at health measurement, a dummy for 
whether the person is married in the base year, years of education at the base year, birth order dummies, 
dummies for number of siblings, IQ test score at age 18, height at age 18, a quadratic in BMI at age 18, a 
dummy variable for whether the person was born in Norway, month of birth dummies, plant size in the base 
year (number of employees), a quadratic in tenure in the base year, the average of the log real earnings from t = 
33 
 
-5 to t = -1, dummies for county of residence in the base year, 1-digit industry dummies for the base year 
industry. Displacement occurs between 0 and 1. Robust Standard Errors in Parentheses. 





Table 2B: Effect of Displacement on Outcomes (Women) 









































































































































































All coefficients come from separate regressions with the full set of control variables. The control variables are 
the same as in Table 2A.  
Displacement occurs between 0 and 1. Robust Standard Errors in Parentheses. 
* implies statistically significant at the 10% level; ** implies statistically significant at the 5% level. 
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Table 3A: Effect of Displacement on Heart Risk of Men 
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Table 3B: Effect of Displacement on Heart Risk of Women 
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Robust Standard Errors in Parentheses allow for repeated observations on individuals. Sample sizes in brackets.  
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Table 4A: Effect of Displacement on Heart Risk of Men 
Difference-in-Difference Estimates with controls 
 































































































Each row represents one regression. The control variables include base year dummies, survey dummies, survey 
month dummies, age at health measurement, a dummy for whether the person is married in the base year, years 
of education at the base year, birth order dummies, dummies for number of siblings, IQ test score at age 18, 
height at age 18, a quadratic in BMI at age 18, a dummy variable for whether the person was born in Norway, 
month of birth dummies, plant size in the base year (number of employees), a quadratic in tenure in the base 
year, the average of the log real earnings from t = -5 to t = -1, dummies for county of residence in the base year, 
1-digit industry dummies for the base year industry. Displacement occurs between 0 and 1. Robust Standard 
Errors in Parentheses allow for repeated observations on individuals. Sample sizes in brackets. 




 Table 4B: Effect of Displacement on Heart Risk of Women 
Difference-in-Difference Estimates with controls  
 
 Displaced Displaced*G1 Displaced*G2 Displaced*G3 

























































































Each row represents one regression. The control variables include base year dummies, survey dummies, survey 
month dummies, age at health measurement, a dummy for whether the person is married in the base year, years 
of education at the base year, birth order dummies, dummies for number of siblings, a dummy variable for 
whether the person was born in Norway, month of birth dummies, plant size in the base year (number of 
employees), a quadratic in tenure in the base year, the average of the log real earnings from t = -5 to t = -1, 
dummies for county of residence in the base year, 1-digit industry dummies for the base year industry. 
Displacement occurs between 0 and 1. Robust Standard Errors in Parentheses allow for repeated observations on 
individuals. Sample sizes in brackets. 





Table 5: Effects by Type of Displacement (Framingham Index only) 
Difference-in-Difference Estimates with controls 
Men 
 Displaced Displaced*G1 Displaced*G2 Displaced*G3 
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Each row represents one regression. The control variables include base year dummies, survey dummies, survey 
month dummies, age at health measurement, a dummy for whether the person is married in the base year, years 
of education at the base year, birth order dummies, dummies for number of siblings, IQ test score at age 18, 
height at age 18, a quadratic in BMI at age 18, a dummy variable for whether the person was born in Norway, 
month of birth dummies, plant size in the base year (number of employees), a quadratic in tenure in the base 
year, the average of the log real earnings from t = -5 to t = -1, dummies for county of residence in the base year, 
1-digit industry dummies for the base year industry. Displacement occurs between 0 and 1. Robust Standard 
Errors in Parentheses allow for repeated observations on individuals. Sample sizes in brackets.  





Table 6A: Intention to Treat Effects for Men 
Difference-in-Difference Estimates with controls  
 






























































































Each row represents one regression. The control variables include base year dummies, survey dummies, survey 
month dummies, age at health measurement, a dummy for whether the person is married in the base year, years 
of education at the base year, birth order dummies, dummies for number of siblings, IQ test score at age 18, 
height at age 18, a quadratic in BMI at age 18, a dummy variable for whether the person was born in Norway, 
month of birth dummies, plant size in the base year (number of employees), a quadratic in tenure in the base 
year, the average of the log real earnings from t = -5 to t = -1, dummies for county of residence in the base year, 
1-digit industry dummies for the base year industry. Displacement occurs between 0 and 1. Robust Standard 
Errors in Parentheses allow for repeated observations on individuals. Sample sizes in brackets. 






Table 6B: Intention to Treat Effects for Women 
Difference-in-Difference Estimates with controls  
 Displaced Displaced*G1 Displaced*G2 Displaced*G3 
























































































Each row represents one regression. The control variables include base year dummies, survey dummies, survey 
month dummies, age at health measurement, a dummy for whether the person is married in the base year, years 
of education at the base year, birth order dummies, dummies for number of siblings, IQ test score at age 18, 
height at age 18, a quadratic in BMI at age 18, a dummy variable for whether the person was born in Norway, 
month of birth dummies, plant size in the base year (number of employees), a quadratic in tenure in the base 
year, the average of the log real earnings from t = -5 to t = -1, dummies for county of residence in the base year, 
1-digit industry dummies for the base year industry. Displacement occurs between 0 and 1. Robust Standard 
Errors in Parentheses allow for repeated observations on individuals. Sample sizes in brackets. 







Appendix Table 1: Effect of Displacement on Labor Market Outcomes 
 Men Women 









































































































































































All coefficients come from separate regressions with the full set of control variables. The control variables are 
the same as in Table 2.  
Displacement occurs between 0 and 1. Robust standard errors in parentheses. 




Appendix Table 2 
Coefficients on Selected Other Variables  

























































N 521395 184049 
 
Robust Standard Errors in Parentheses allow for repeated observations on individuals. 






Appendix Table 3: Robustness Checks (Framingham Index only) 
Men 
 Displaced Displaced*G1 Displaced*G2 Displaced*G3 
     

































Propensity Score Screening 










Propensity Score Screening 












 Displaced Displaced*G1 Displaced*G2 Displaced*G3 
     






















































Each row represents one regression. The control variables include base year dummies, survey dummies, survey 
month dummies, age at health measurement, a dummy for whether the person is married in the base year, years 
of education at the base year, birth order dummies, dummies for number of siblings, IQ test score at age 18, 
height at age 18, a quadratic in BMI at age 18, a dummy variable for whether the person was born in Norway, 
month of birth dummies, plant size in the base year (number of employees), a quadratic in tenure in the base 
year, the average of the log real earnings from t = -5 to t = -1, dummies for county of residence in the base year, 
1-digit industry dummies for the base year industry. Displacement occurs between 0 and 1. Robust Standard 
Errors in Parentheses allow for repeated observations on individuals. Sample sizes in brackets. 




Appendix Table 4: Heterogeneous Effects (Framingham Index only) 
Heterogeneous Effects 
MEN 
 Displaced Displaced*G1 Displaced*G2 Displaced*G3 
     





























































































 Displaced Displaced*G1 Displaced*G2 Displaced*G3 
     
























































































Each row represents one regression. The control variables include base year dummies, survey dummies, survey 
month dummies, age at health measurement, a dummy for whether the person is married in the base year, years 
of education at the base year, birth order dummies, dummies for number of siblings, IQ test score at age 18, 
height at age 18, a quadratic in BMI at age 18, a dummy variable for whether the person was born in Norway, 
month of birth dummies, plant size in the base year (number of employees), a quadratic in tenure in the base 
year, the average of the log real earnings from t = -5 to t = -1, dummies for county of residence in the base year, 
1-digit industry dummies for the base year industry. Displacement occurs between 0 and 1. Robust Standard 
Errors in Parentheses allow for repeated observations on individuals. Sample sizes in brackets. 






Appendix: Heart Risk Indices 
Framingham Risk Score 
To calculate the risk score we use the scale for persons aged 40-49 as most people in our 
sample are in this age range. Also, we exclude age as a risk factor. We do not have 
information on HDL cholesterol for most of the sample so we exclude this variable. We 
assume that people are not having treatment for high blood pressure. Our version of the 
Framingham risk score is calculated as follows: 
Framingham Risk Score for Women 
Total cholesterol, mg/dL: Under 160: 0 points. 160-199: 3 points. 200-239: 6 points. 240-
279: 8 points. 280 or higher: 10 points.  
If cigarette smoker: 7 points. 
All non smokers: 0 points. 
Systolic blood pressure, mm Hg: Under 120: 0 points. 120-129: 1 point. 130-139: 2 points. 
140-159: 3 points. 160 or higher: 4 points. 
Framingham Risk Score for Men 
Total cholesterol, mg/dL: Under 160: 0 points. 160-199: 3 points. 200-239: 5 points. 240-
279: 6 points. 280 or higher: 8 points.  
If cigarette smoker: 5 points.  
All non smokers: 0 points. 
Systolic blood pressure, mm Hg: Under 120: 0 points. 120-129: 0 points. 130-139: 1 point. 
140-159: 1 point. 160 or higher: 2 points. 
The point score translates into an estimate of the probability of future coronary heart disease 
events with higher scores indicating higher probability of disease. For example, for men, 5 
points corresponds to approximately a 2% 10-year risk, 10 points indicates 6%, and 15 points 
indicates 20%. Equivalent figures for women are <1%, 1%, and 3%. 
Westerlund risk of cardiovascular disease 
This variable measures the risk of cardiovascular disease over the next 10 years. The scale is 
relative to a woman with zero risk characteristics. The mean score for men is 35 which means 
the average man is 35 times more likely to have cardiovascular disease than a woman with 
low risk characteristics. The lowest value of 1 is allocated to females who have 
1. Systolic Blood Pressure less than 135 
2. Non-smoker 
3. No family history of heart disease 
4. Cholesterol less than 4.91 
In contrast, a man with 
48 
 
1. Systolic Blood pressure of 148 
2. Smokes 10 cigarettes a day 
3. No family history of heart disease 
4. Cholesterol of 5.95 
would have a score of 5*2*2.5*1*2 = 50. Note that this scale is a multiplicative function of 
blood pressure, smoking behavior, family history of heart disease, and cholesterol. This score 
has been shown to have an approximately linear relationship with the incidence of death from 
heart disease in Norway. 
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